Background-Obesity is a major risk factor for incident heart failure (HF). Paradoxically, in HF with reduced left ventricular ejection fraction (HFREF), a high body mass index (BMI) appears to be beneficial. Approximately 50% of HF patients have a preserved left ventricular ejection fraction (HFPEF). However, there are few data regarding the relationship between BMI and outcomes in HFPEF. Methods and Results-Baseline characteristics and cardiovascular outcomes were assessed in the 4109 patients (mean age, 72 years; mean follow-up, 49.5 months) in the Irbesartan in HF with Preserved Ejection Fraction (I-PRESERVE) trial. Based on the BMI distribution, 5 BMI categories were defined: Ͻ23.5, 23.5 to 26.4, 26.5 to 30.9, 31 to 34.9, and Ն35 kg/m 2 . Most patients (71%) had a BMI Ն26.5, 21% had a BMI between 23.5 and 26.4, and 8% had a BMI Ͻ23.5 kg/m
O bservational studies in the general population indicate that body mass index (BMI) is an independent predictor of prognosis with a J-shaped relation between BMI and risk of death, with the lowest risk at a BMI of 23 to 26.5 kg/m 2 . [1] [2] [3] Overweight is part of the metabolic syndrome, a major risk factor for coronary artery disease and stroke. Indeed, in middle-aged individuals, risk of death from atherosclerotic cardiovascular (CV) causes increases steadily with increasing BMI. 2, 4 In addition, obesity is a major risk factor for the development of heart failure (HF). 5 However, even though increased BMI is associated with an increased incidence of coronary artery disease, a common cause of HF with reduced left ventricular ejection fraction (HFREF) and for incident HFREF, the prognosis in patients with established HFREF improves with increasing BMI. This phenomenon has also been called the "obesity paradox." 6 -8 
Clinical Perspective on p 331
Patients with HF and a preserved ejection fraction (HFPEF) comprise approximately 50% of the overall HF population. 9 Compared with patients with HFREF, patients with HFPEF are usually older, are more frequently women, and have a higher incidence of diabetes and hypertension. 10 However, relatively few data are available regarding the relationship between BMI and clinical events in patients specifically with HFPEF. In a post hoc analysis of the CHARM (Candesartan in Heart Failure: Assessment of Reduction in Mortality and morbidity) study, a BMI of 30 to 35 kg/m 2 was found to be associated with the lowest overall mortality not only in HFREF but also in HFPEF, whereas BMI appeared to have no impact on the rate of hospitalization for worsening HF. 11 The recently completed I-PRESERVE trial (Irbesartan in HF and PRESERVed Ejection fraction) is the largest randomized, controlled treatment trial in HFPEF. 12 In the present analysis, we examined the relationship between BMI and CV morbidity and death in I-PRESERVE. We hypothesized thatsimilar to HFREF-a higher BMI would be associated with a lower rate of CV events and mortality in HFPEF.
Methods
This post hoc analysis of the I-PRESERVE trial dataset was performed in all patients with a BMI value available at baseline. BMI was derived from body weight and height at the time of random assignment. A BMI value was missing in only 19 of 4128 patients, leaving 4109 patients for further analysis. The design and primary outcome of the I-PRESERVE trial have been previously published. 12, 13 Briefly, I-PRESERVE was a randomized, double-blind, placebo-controlled trial that evaluated the effect of irbesartan, an angiotensin AT 1 receptor antagonist, in older HFPEF patients (age Ն60 years; left ventricular ejection fraction [LVEF] Ͼ45%). The mean follow-up was 49.5 months and the annual all-cause mortality rate was 5.2%. Irbesartan had no effect on the primary composite end point (death from any cause or hospitalization for a CV cause, that is, HF, myocardial infarction, unstable angina, arrhythmia, or stroke) or 2 secondary end points (death from any cause and hospitalization for worsening HF, the latter being defined as hospitalization with signs and symptoms of HF requiring a significant augmentation of HF therapy). The present subanalysis focused on the primary composite end point and these 2 secondary end points.
Statistical Analysis
BMI was evaluated as both a continuous and a categorical variable. Before defining the BMI categories, a density plot analysis of the BMI was performed (Figure 1) . To create the BMI ranges, we strived to have clinically relevant categories, which excluded quartiles and quintiles for this particular sample because the resultant middle range would be too narrow. To allow for a sufficient number of patients in each category, the BMI cutoffs used were necessarily slightly different from those recommended by the World Health Organization (WHO). 14 Based on the density plot and the 2 previous criteria, 5 BMI categories were defined: Ͻ23.5 ("underweight"), 23.5 to 26.4 ("normal" weight), 26.5 to 30.9 (overweight), 31.0 to 34.9 ("mild" obesity), and Ն35.0 kg/m 2 ("severe" obesity). The association of BMI with outcomes was examined in unadjusted and fully adjusted Cox proportional hazards models that contained age, sex, New York Heart Association (NYHA) class, heart rate, systolic blood pressure, left ventricular hypertrophy, LVEF, cause of HF, hospitalization for HF within the last 6 months, history of hypertension, myocardial infarction, stroke, chronic obstructive pulmonary disease and/or diabetes, use of diuretics, digoxin, a calcium-channel blocker, lipid-lowering agents, an angiotensin-converting enzyme (ACE) inhibitor, or a ␤-blocker, and N-terminal pro-brain natriuretic peptide (NT-proBNP) as covariates. The covariates were chosen for these multivariate analyses because they were found to be significant independent predictors of CV outcomes in previous publications. The BMI category with the lowest rate of the primary composite outcome (death or CV hospitalization) was selected and used as reference group for comparison regarding the relationship between BMI and all other predefined end points.
Results

Baseline Characteristics
The mean age (ϮSD) of the cohort was 71.6 (6.9) years; 29.4% were older than 75 years, and 60.4% were women. The mean LVEF was 59.4% (9.2%) and the median NT-proBNP was 339 pg/mL (range, 5 to 28 670 pg/mL). The baseline characteristics by BMI categories are shown in Table 1 . The mean (ϮSD) BMI was 29.6 (5.3) kg/m 2 in the entire group. In respect to WHO-defined BMI ranges, 14 16 .5% of the patients had a BMI Ͻ25 kg/m 2 , 42.4% between 25 and 30 kg/m 2 , and 41.3% Ͼ30 kg/m 2 . Age was inversely related to BMI, whereas average LVEF tended to increase with BMI. The percentage of women was highest in the BMI categories Ͻ23.5 kg/m 2 and Ն31 kg/m 2 . The prevalence of arterial hypertension as an investigator-assigned etiology of HF increased with BMI, whereas that of coronary artery disease declined. The serum creatinine and hemoglobin did not significantly differ between the BMI subgroups. However, median NT-proBNP level markedly declined with increasing BMI (Table 1 ). The use of diuretics, ACE inhibitors, ␤-blockers, calcium channel blockers, and lipid-lowering agents increased with BMI, whereas the use of digoxin declined with BMI, and the use of antiplatelets and spironolactone was unrelated to BMI.
Primary Composite End Point
The unadjusted Kaplan-Meier curves ( Figure 2 ) indicated that the risk (the cumulative probability of adverse outcomes) correlated nonlinearly with BMI. The event rates for the primary outcomes in the 5 BMI groups are shown in Table 2 . The lowest event rate (33.1%) was seen for BMI category 26.5 to 30.9 kg/m 2 and the highest event rate for BMI category Ͻ23.5 kg/m 2 (49.1%), with the 5 groups showing a U-shaped relationship. The components of the primary composite end point in general had a similar U-shaped relationship with BMI as the composite end point except for all-cause mortality which had a linear, inverse relationship with BMI ( Table 2 ). With the BMI category 26.5 to 30.9 kg/m 2 as the reference group, the unadjusted HR for the primary composite end point was mildly increased in patients with BMI 23. 
Predefined Secondary End Points and Mode of Death
Similar results were observed for all-cause mortality ( Figure  4A ). Compared with the reference group, the adjusted HR for Figure 5 ).
In the fully adjusted model, the risk of HF hospitalization was substantially increased, with BMI Ն35 kg/m 2 (HR, 1.52; 95% CI, 1.19 to 1.94;Pϭ0.001) ( Figure 4B ), even though these patients had the highest LVEF and the lowest NTproBNP (Table 1 Figure 4B ).
Effect of Irbesartan
Irbesartan had no significant effect on the relationships between BMI and the primary composite end point, all-cause mortality, or HF hospitalization.
Discussion
The major findings of the present study are (1) In patients with HFPEF, overweight and obesity are highly prevalent and are accompanied by multiple differences in clinical and demographic characteristics; (2) there is a U-shaped relationship between BMI and both the primary composite end point and all-cause mortality, with the highest event rates in those patients with the lowest BMI (Ͻ23.5 kg/m 2 ) and those with the highest BMI (Ͼ35 kg/m 2 ). These relationships were not 
Clinical and Demographic Characteristics
More than 83% of the patients were overweight (BMI, 25 to 30 kg/m 2 ) or obese (BMI, Ͼ30 kg/m 2 ). This rate of obesity is similar to the population-based studies that have specifically examined older age patients with HF, including HFPEF specifically. 15 In the present study, patients in the lowest BMI category (Ͻ23.5 kg/m 2 ) were older and had a slightly lower LVEF, a higher NT-proBNP, and a lower rate of arterial hypertension and diabetes mellitus. NT-proBNP has been shown to be an independent marker of prognosis in both HFPEF and HFREF and to be lower in obese HF patients. 16 Indeed, patients with the highest BMI (Ն35 kg/m 2 ) had a median NT-proBNP of only 254 pg/mL, and those with the lowest BMI (Ͻ23.5 kg/m 2 ) had an almost 3 times higher median NT-proBNP level. Furthermore, patients with BMI Ͻ23.5 kg/m 2 had the lowest and those with a BMI Ն35.0 kg/m 2 the highest likelihood of ACE inhibitor, ␤-blocker, calcium channel blocker, diuretic, and lipid-lowering agents usage, whereas in patients with a BMI Ͻ23.5 kg/m 2 , digoxin was most frequently administered. However, none of these agents has so far been shown substantially influence the prognosis in HFPEF. 17 Despite marked differences in the key characteristics of patients with a BMI Ͻ23.5 kg/m 2 and those with a BMI Ն35.0 kg/m 2 , both BMI categories had a similar risk of CV events after adjustment for 21 variables including age, LVEF, NT-proBNP, and medication, indicating an independent prognostic relevance of BMI. However, this does not exclude that the pathophysiological mechanisms related to the prognostic impact of a very low and very high BMI may differ. This is supported by the relatively low NT-proBNP and relatively high LVEF in the highest BMI category.
Adverse Outcomes
The rate of the primary composite end point was highest in patients with in the lowest BMI category (Ͻ23.5 kg/m 2 ) ( Table 2) , with 152 events per 1000 patient-years. This high event rate was driven mainly by the fact that this BMI category had the highest all-cause mortality rate and a high rate of worsening HF and stroke. However, there were no differences among the 5 BMI categories in the rates of myocardial infarction, unstable angina, and major arrhythmias. Likewise, a recent meta-analysis of 40 studies of patients with coronary artery disease found no difference in CV mortality between normal-weight patients and overweight or mildly obese patients, whereas patients with severe obesity had a 1.88-fold higher rate of major CV events. 18 In the present study, the rate of CV events may have been too low to allow for further differentiation. Similar to the primary end point, a U-shaped relationship was found for all-cause mortality. Again, patients with in the lowest and highest BMI categories (Ͻ23.5 kg/m 2 and Ͼ35 kg/m 2 , respectively) appeared to have the highest adjusted risk of death ( Figure 4A ). This finding is noteworthy because we previously reported in the I-PRESERVE patient cohort that the cause of death is twice as often non-CV as compared with HFREF (30% versus approximately 14% of total mortality). 19 In contrast to all-cause mortality, the rate of HF hospitalization was only significantly increased in severely obese patients (ie, BMI Ն35 kg/m 2 ). It was lowest in patients with a BMI between 23.5 to 26.4 kg/m 2 and only tended to increase in patients with a BMI Ͻ23.5 kg/m 2 ( Figure 4B ). In the present study, the rate of both sudden death and non-CV death declined with increasing BMI when focusing on the unadjusted event rates (Table 2 ). In contrast, HF death was relatively common, equaling rates of sudden death and non-CV death only in those patients with a BMI Ͻ23.5 kg/m 2 and in those with a BMI Ն35 kg/m 2 ( Figure 5 ).
Comparison to Population-Based Studies
Three recently published large cohort studies based on general, unselected populations reported a J-shaped relationship between BMI and all-cause mortality. In US men ages 66 to 71 years, the optimum BMI was 25.0 to 26.4 kg/m 2 and in women ages 66 to 71 years, 23.5 to 24.9 kg/m 2 , with a diminished impact of BMI at older age. 1 Although the mean age in the present study was almost 72 years, BMI still had a significant influence on outcome, and although many patients in I-PRESERVE had coronary artery disease, the relationship between BMI and adverse CV outcomes rather resembled that between BMI and cancer death than that between BMI and death form atherosclerotic causes. 4, 7 Comparison to Other Databases With HFPEF Data on the relationship between BMI and prognosis in HFPEF have been sparse. The results of the present study both confirm and extend the results of a previous report on BMI and prognosis in the CHARM-Preserved cohort. 11 In that cohort, the lowest risk of all-cause death was observed in those with a BMI between 30.0 and 34.9 kg/m 2 and the highest risk (HR, 1.99) in those with a BMI Ͻ22.5 kg/m 2 . However, no significant relationship was found between BMI and hospitalization for HF. 11 There are significant differences between the CHARM-Preserved and the I-PRESERVE cohorts, including (1) The LVEF inclusion criteria were higher in I-PRESERVE (Ͼ45% versus Ͼ40%), such that it that some patients with significantly reduced LVEF may have been included in CHARM-Preserved; (2) the I-PRESERVE cohort included a higher proportion of women (Ͼ60% versus Ͻ40%) and the patients were significantly older (mean age, 72 versus 65 years). The sex and age distribution of I-PRESERVE is more similar to that reported in populationbased studies of HFPEF 9 ; (3) the inclusion criteria for I-PRESERVE required either prior HF-related hospital admission within the past year or NYHA functional class III symptoms plus echo abnormalities, whereas CHARM only required symptomatic HF (ie, NYHA functional classes II to IV).
Comparison to HFREF
Data regarding the relationship between BMI and prognosis are more abundant in HFREF. The results of the present study support that the relationship between BMI and prognosis appears qualitatively similar in HFPEF and HFREF. 20 In particular, they suggest that underweight has an adverse effect on prognosis in HF independent from the LVEF, as was shown in the CHARM study, which included both HFPEF and HFREF. 11 In HFREF, this appears due to catabolism, inflammation, and activation of stress hormone systems. 21 These processes result in tissue wasting and lead to adverse prognosis, apparently independent from the underlying disease. Overweight and moderately obese patients may have more metabolic reserve, adipocytes, and lipoprotein pools to serve as effective scavengers to bind with and neutralize circulating lipopolysaccharides including endotoxins. 22 However, these potentially beneficial mechanisms do not explain the significantly worse prognosis in severe obesity (BMI Ն35 kg/m 2 ) shown in our study and in others. They are also in contradiction of the significantly increased risk attributable to obesity for the development of HF and coronary artery disease. 4, 5 
Potential Limitations
Although the data in the present study are consistent with a relatively large number of publications in HF, coronary disease, and other disorders, they are not sufficient to promote weight gain in underweight patients or to discourage weight loss in obese HF patients. In our study, similar to other published observational studies, we are unable to exclude occult, preexisting cancers or other chronic illnesses that affect BMI and prognosis. 23 Furthermore, the significantly worse prognosis seen in the highest BMI category indicates the lack of a uniform mechanism to explain this phenomenon.
Our data analysis was based on a retrospective subanalysis of carefully characterized patients from a controlled trial (I-PRESERVE). Therefore, there was an unequal number of patients in each BMI category, and the most commonly used BMI ranges (WHO criteria) had to be slightly adjusted to allow for a sufficient number of subjects in each BMI category. Because HFPEF is mainly a disease of the elderly, the average age was higher than in previous studies in HFREF. However, if anything, this bolsters our key findings because most variables loose their prognostic power at a higher age. [2] [3] [4] Although 21 variables were used in the adjusted model, which all by themselves have been shown to influence adverse CV outcomes in the I-PRESERVE cohort, 24 other residual confounders cannot completely be ruled out. The adjusted model included a previous myocardial infarction and a HF hospitalization 6 months before randomization, which was identical to the day of assessment of BMI. However, no information regarding the exact time intervals of these events and their potential influence on BMI and CV outcomes are available. Furthermore, the I-PRESERVE database does not contain any information on weight changes before and after randomization, which might have influenced the event rate.
Obese patients may have signs and symptoms resembling those of HF. This makes the ability to diagnose HFPEF in obese patients more difficult. However, the I-PRESERVE trial required that patients had a clinical diagnosis of HF along with either HF hospitalization or pertinent echocardiographic or Doppler criteria consistent with HFPEF. Obese patients fulfilled these criteria and had in fact the highest HF hospitalization rate.
Waist circumference, waist-to-hip ratio, and percent body fat may be better indicators of prognosis than BMI, 3, 4, 25, 26 but these data were unfortunately not assessed in I-PRESERVE. Furthermore, body composition was not analyzed, although fluid retention (eg, edema) not only increases BMI but also influences prognosis. 27 However, only patients in stable clinical conditions at random assignment were included in the I-PRESERVE trial.
Independent from these potential limitations, we believe this to be the largest data set analyzed for the impact of BMI on adverse outcomes during long-term follow-up in HFPEF.
Conclusions
Obesity is highly prevalent in elderly HFPEF patients and is accompanied by multiple differences in clinical characteristics. Consistent with reports in patients with HFREF, HFPEF patients in the lowest BMI category (BMI Ͻ23.5 kg/m 2 ) had the highest risk of subsequent events. The event rate was also significantly increased in HFPEF patients with severe obesity (BMI Ն35 kg/m 2 ). This finding of a U-shaped relationship between BMI and adverse CV outcomes persisted even after adjustment for baseline imbalances for all end points.
